In the present paper, we refer to a method of primary closure of congenital defects of the anterior abdominal wall with tensionless viscero-abdominal disproportion. The study group included 10 animals subjected to surgery of the abdominal wall defect closure with bovine pericardium graft preserved in 0.5% formaldehyde, and 5 rabbits of the same breed and weight, in which bovine fascia graft was used as implant, being preserved in 0.5% formaldehyde. The abdominal anterior wall defect was made surgically by excision of the musculo-fascial structures and peritoneum. Bovine pericardium graft and bovine fascia graft were placed and fixed posteriorly to rectus abdominals muscles, having direct contact with the intra-abdominal contents and protected by suturing skin and subcutaneous layer. The purpose of the study was to perform a comparative postoperative evaluation of local macroscopic and microscopic changes that develop after reconstruction of the major abdominal wall defects experimentally induced in rabbits, using bovine pericardium and bovine fascia grafts preserved in 0.5% formaldehyde. In cases of major fascial defects of the anterior abdominal wall, bovine pericardium graft has acceptable strength and biocompatibility, having stabilizing properties of the abdominal wall due to the development of the connective tissue layer located between the implant and
Introduction
The primary closure of congenital defects of the anterior abdominal wall with tensionless visceroabdominal disproportion is usually problematic due to the small size of the abdominal cavity and impairment of the regional musculo-fascial complex as well as increased volume of intestinal loops due to edema and fibrous deposits. In this context, in abdominal wall plasty in children with gastroschis and omphalocele there were proposed and implimented many reconstructive surgical procedures of fascial defects correction [1] , use of various prosthetic synthetic and biological materials [2, 3, 4, 5] as well as combined methods [6, 7] . The disadvantages of proposed methods, the increased rate of early and late complications, including the development of adhesive bowel obstruction [8] , are a concern and an important argument in favor of developing new solutions to this problem [9] , including solving prenatally these malformations [10] .
Bovine pericardium has been widely used in reconstructive surgery since 1974, due to its original structural features and exceptional mechanical properties [11, 12] , achieving success in cardiovascular surgery, urology and ophthalmology [13] . Having excellent mechanical stability and resistance to infections, bovine pericardium is quite useful in the reconstruction of the abdominal wall defects [14, 15] . However, in the literature there are unique reports on use of this biological material in the closure of congenital defects of the abdominal wall [16, 17] .
The purpose of the study was to perform a comparative postoperative evaluation of local macroscopic and microscopic changes that develop after reconstruction of the major abdominal wall defects experimentally induced in rabbits, using bovine pericardium and bovine fascia grafts preserved in 0.5% formaldehyde.
Material and methods
The study group included 10 animals (Chinchilla rabbits weighing 2.3-2.5 kg) subjected to surgery of the abdominal wall defect closure with bovine pericardium graft preserved in 0.5% formaldehyde, and 5 rabbits of the same breed and weight, in which bovine fascia graft was used as implant, being preserved in 0.5% formaldehyde. The abdominal anterior wall defect was made surgically by excision of the musculo-fascial structures and peritoneum, being 10 x 5 cm in size. Bovine pericardium graft and bovine fascia graft were placed and fixed posteriorly to rectus abdominals muscles, having direct contact with the intra-abdominal contents and protected by suturing skin and subcutaneous layer (Figure 1 ). Experimental animals with bovine pericardium graft were divided into groups of 5: lot 1 -euthanized after 32 days postoperatively, and lot 2 -after 75 days, while in lot 3 there were included animals in which the abdominal defect was closed, using bovine fascia graft and which were euthanized after 78 days after the intervention.
As study material there were used surgicalanatomical pieces that included the implant area with the consolidation line and regional tissues around the defect. The control group consisted of 5 animals subjected to median laparotomy to restore the anatomical plans.
The tissue samples were in advance fixed in 10% Formol Sol. for 6-12 hours, then they were treated consecutively according to the standard protocol for histopathological investigations, using histoprocessing network and automated staining «DIAPATH». Histological tests or those obtained by making sections at semi-automatic microtome SLEE Mainz-cut 6062 2.5 -3μ thick. At the staining stage the following methods were used: hematoxylin-eosin (H & E), Van Gieson (VG) -in highlighting collagen fibers, picrofuxine and orcein while testing elastic fibers. Histological examination was conducted using the conventional microscopy, namely the microscope (CALRE Zeiss production) with lenses × 10, focus ×2.5; × 10; × 20; × 40. 
Results and discussions
None of the experimental animals died. Neither septic complications nor wound dehiscence were found in any case (Figure 2A ), whereas signs of postoperative incisional hernia were revealed in one animal in group 2. The macroscopic examination of the external implant surface found that it had adhered to the subcutaneous layer with a thin layer of neovascularized fi brous tissue (Figure 2 B,C), blood vessels being especially observed in the peripheral areas of the implant, the vascularization process being more pronounced in lot 2. There were found multiple dense adhesions between the implant and the intestinal loops in 2 animals in lot 1 ( Figure 2D) ; numerous fi ne and easily removable adhesions being observed in 3 animals. In group 2 there were established restructured granulation tissues and fi bro-vascular granulations in an orderly connective tissue, on various areas some disordered aspects being present. In samples taken from the consolidation line area ( Figure 3) there was determined the formation of an intermediate area of well-diff erentiated connective tissue, sometimes some calcifi cation residues being present on the peritoneal surface. In all cases in lot 2 there was observed the development of adhesions between the intestinal loops and the internal surface of the bio implant as well as the inter-intestinal surface with no signs of intestinal obstruction.
In the animals in lot 3 there was observed a slight bulging area with the parietal defect closed with bovine fascia graft, up to 1.5-2.5 cm in size. At subsequent processing, a moderate implant expansion was revealed with the absence of dehiscence sectors of the suture line (Figure 4 A,B). On both subcutaneous and peritoneal surfaces of the implant some neoformed blood vessels could be seen (Figure 4 B) . Circumferentially, some yellowish sectors were found on the suture line, which proved to be areas of calcinosis (Figure 4 C) .
Surprisingly, no adhesions between the implant and the intestinal loops were found in lot 3 (Figure  4 D) ; some fi ne easily detachable inter-intestinal adhesions being observed in 2 cases
At histological investigations of lot 1, at the level of the contact region between the bovine pericardium graft and peritoneum, on extensive areas a cellular region of PMN was detected with eosinophilic elements, in the area of which abrupt implant residues were revealed with a penetration activity in the implant tissue ( . With regard to the regenerative processes of the host tissues, particularly the interstitial connective and tunica muscularis, they showed a histogenesis comparable to the standard one, except that on some areas the excessive fi brillar cellular granulations were found especially at the level of adhesion processes. (Figure 5 F) . In our opinion, the processes identifi ed in these cases tend to become chronic infl ammatory processes, one of the causes being the low consolidation of the implant with neoformed tissue with detachment and recurrence of the infl ammatory exudative-necrolytic processes with neoformed granulations, which characterizes the repairativeregenerative peculiarities per secundam.
Figure 5. A -persisting infl ammatory process with PMN with manifestations of implant degeneration ×25 Color. H-E; B -implant residues in leukocyte PMN mass with phagocytic phenomena of leukocytes ×75. Color VG; C -recurrence of exudative necrolytic processes in the interaction area with the implant ×100. Color. H-E; D -aspects of chronic infl ammatory process in the area of interaction with biological implant. ×75. Color. H-E; E -processes of degeneration and PMN invasion of the implant ×100. Color. H-E; F -regenerative processes of the host muscle tissues comparable to normal regeneration histogenesis ×75.
In group 2, at the implant level there could be detected the presence of the connective cuff with the inclusion of implant residues in various ratio (Figure 6 A) . On some areas the connective cuff , which contained neoformed connective tissue, had variable thickness and the implant could contain microcalcifi cations, some infl ammatory lymphocyticmonocytic and macrophagic reactions being observed (Figure 6 B) .
At the contact area, the infl ammatory process showed a more pronounced mosaic character at a signifi cant distance from the consolidation line. The infl ammatory process was characterized by the lymphocytic-monocytic cellular and macrophagic component with neoformation of polymorphocellular symplasts and an insignifi cant PMN number especially at the edge of the bovine pericardium graft. At the cuff level in the peritoneal area there was frequently observed a well-diff erentiated and branched network of blood vessels (Figure 6 C) . At the level of the elastic connective layer (rich in elastic fi bers) graft degeneration processes were much lower (Figure 6 D) . At a distance of 1.5-2.0 cm from the consolidation line, including the central area, the bovine pericardium graft manifested aspects of residues in trays or in small islands with a granulomatous reaction and the presence of polynuclear symplasts, being more pronounced in the presence of the connective-elastic component ( Figure  7 A,B,C) .
During this period (70 days after surgery) the granulomatous giant cellular and reticular reactions mark the activity of the implant resorption processes, which runs asynchronously and mosaically, in some areas at a distance of 2 cm and in central areas being only revealed the pulverulent presence or absence of implant residues with the consolidation of the former cuff walls (Figure 7 D,E,F) . Histological investigations carried out circumferentially at the contact line between the implant (bovine fascia graft) and host tissues and an area within 1.5 cm on both sides allowed to observe various changes, but compared with group 1 and 2, with a signifi cant reduction of the infl ammatory process. On some areas some necrotized implant residues were present, being circumscribed within a frame of calcium deposits with insignifi cant granulomatous perifocal reaction (Figure 8 A) . On large areas, there was absence of implant or calcifi cation at the border line, being certainly revealed two patches (strips) of neoformed thick connective tissue, with the predominance of peritoneal plates (Figure 8 B) , the connective component being revealed better in picrofuxine staining (Figure 8 C,D) . On some areas, calcium deposits had a widespread nature, including within 1.5 cm from the border line, having foci aspects ( Figure 8E ) or on circumscribed plateaux of two connective patches (Figure 8 ). There was found edema of peritoneum adjacent to calcium deposits, and sometimes some lax cell adhesions were present in the focus (Figure 8 F) . In mosaic appearance, in the absence of calcifi cations and implant residues, within the examined preparations there were observed granulomatous infl ammatory processes between the connective plates including on the neoformed connective tissue area, some polynuclear cell symplasts being present (Figure 9 ). Granulomatous processes were found on various areas at this level from the implant area among the connective bundles (Figure 9 B) .
At morphopathological examinations performed on tissue samples taken at a distance of ˃ 1.5 cm from the overlapping line of the bovine fascia implant with the host tissues, in the regional area at a distance of 2.5-3.0 cm, there were not observed any calcifi cations, implant residues or granulomas. Their absence convincingly demonstrated a certain lack of the implant elements (Figure 9 C,D) . However, with major discretion there was noticed the presence of an infl ammatory lymphocytic-macrophagic focus with unique symplasts at the level of neoformed peritoneal tunica, seen in the projection of micro-adhesions mentioned above. On wide areas of this region we determined the presence of neoformed connective tissue in two well-diff erentiated layers, one being denser, while the other one being looser (Figure 9  D) . The peritoneum on some areas showed a slight thickening. It should be noted that the duplicated connective plate had a variable thickness on various areas, on both plates and asynchronously. (1) and loose subcutaneous cellular-adipose plates (2) × 100.
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The examination carried out on samples taken from the central area from diff erent directions revealed a fi ne neoformed connective plate, it being well-diff erentiated and outlined by the peritoneum and subcutaneous cellular-adipose tissue, consisting of two plates, one being thicker and much denser, and the other one being thinner and looser, delimited by the cellular-adipose tissue supplied with medium and small diameter vessels, directed magistrally, with ramifi cations towards the connective plates (Figure 10 ). At greater amplifi cation there was found a well-cellularized tissue of mature fi brocytes and some fi broblasts (Figure 10 B) . The presence of the cellular component emphasizes the presence of a neoformed well-stratifi ed benign fi brillar tissue, but sometimes it emphasizes the persistence of a chaotic but functionally viable appearance with no scarring aspects.
In areas where thickened periteoneal tunica was observed with manifestations of the presence of the connective tissue appearance (Figure 10 C) , in orcein staining there was noticed the presence of the elastic connective tissue in abundance. These may be considered as benign processes that can likely occur, and not as dysplastic processes (Figure 10 D) . The objectives of surgery in congenital abdominal wall defects include: minimizing losses through evaporation and heat, reducing the bowel in the abdominal cavity and closing the abdominal wall defect, in this context various strategies being proposed [18] , including the use of prosthetic materials. The use of non-absorbable synthetic materials (eg. Marlex, Gore-Tex, etc.) increases the risk of infection, erosion of the bowel, development of intestinal adhesions and provides little support for the granulation tissue in case the skin cover can not be achieved. In this context the biological materials have several advantages [19, 20] .
The swine skin grafts and human amniotic membrane were among the fi rst biological materials used in the management of gastroschisis and omphalocele [21] . Some studies support the use of dura matter implants as an acceptable biomaterial in the major defects closure in cases of gastroschisis and omphalocele [22, 23] . Currently, human acellular dermal allografts (Alloderm) and acellular xenografts, obtained from dermal collagen (permacol) and porcine intestinal submucosa (Surgisis), are most commonly used [19, 24] .
Some experimental studies conclude that the intensity of postoperative complications and infl ammatory processes observed in cases of using bovine pericardium implants are less expressed as compared to those associated with the use of synthetic meshes. Greater elasticity of bovine pericardium makes the area of implantation more mouldable (adaptable) compared to the stiff ness of the abdominal wall caused by improper elasticity of synthetic material, and the diffi culty in obtaining and maintaining autografts and allografts makes xenografts to be a preferred alternative in the reconstruction of the abdominal wall [25] .
Bovine pericardium is a material with anisotropic mechanical behavior, consisting of collagen and elastin fi bers arranged in layers with diff erent directions, these fi bers being embedded in an amorphous matrix consisting of proteoglycans and hyaluronic acid. Collagen type 1 is the predominant component of pericardial tissue, arranged hierarchically in diff erent levels of organization in structures such as fi brils, laminated fi ber bundles [12, 26] . This type of collagen is characterized by a low antigenicity and increased thrombogenicity [27] . Standard methods of processing with glutaraldehyde have to alleviate the immune response to xenografts [28] , while there is an increased risk of tissue fatigue with progress of degenerative processes and calcification, which may be due to cytotoxicity and inflammatory changes [29] , these phenomena being revealed in experimental use of bovine pericardium grafts.
For the first time bovine pericardium treated with glutaraldehyde was used by Marian Ionescu (1971) in prosthetic heart valves, excellent hemodynamic properties being reported. Later this biological material was widely used in plastic surgery of pericardial sac and angioplasty [11] , its use in reconstructive surgery of heart and main vessels being actual and at present [30, 31] . Some authors report using bovine pericardium grafts in reconstruction of extrahepatic bile passages [32] and trachea [33] . It has been found that bovine pericardium can be a good alternative in the reconstruction of congenital diaphragmatic hernia in children [34] . At the same time, there are unique communications reflecting efficiency of use of bovine pericardium grafts in reconstruction of the abdominal wall [15, 35] , most of them being at the experimental stage [25, 36] .
The first trials of applying bovine fascia in hernia and eventration surgery were performed in the late `50s [37] , prior to this material being used in nephropexy [38] . In late 70-80 the first attempts were made to use this material in ophthalmology [39] and in plastic surgery of major defects of the thorax and abdomen wall in patients with malignant tumors, the author found that this biological material is well tolerated and offers an adequate protection and support for the underlying viscera [40, 41] . There have been attempts to use bovine fascia in reconstructive operations of the oral vestibule [42] or to induce bone regeneration [43] . Some experimental studies have observed a less significant difference in the development of adhesions between the use of implants of polytetrafluoroethylene and bovine pericardium compared to fascia lata allografts in the case of ventral hernia, the values of tensile strength being significantly higher in the first two materials [44] . In accessible literature no communications on using bovine fascia grafts in closure of congenital abdominal wall defects were found.
Conclusions:
The use of bovine pericardium graft induces inflammatory exudative-necrolytic processes that result in gradual and uniform implant degeneration, giant cellular and reticular reactions marking asynchronous mosaic activity of the implant resorption processes.
In cases of bovine pericardium graft use the regenerative processes of the host regional tissues are marked by the development of interstitial connective tissue and neovascularization, the changes in muscle tissues revealing a histogenesis comparable to standard one, except for some areas where excessive cellular fibrillar granulations were found especially at the level of the adhesion processes.
The cellular response evaluation in lot 3 allowed to conclude that bovine fascia grafts use is characterized by a significantly reduced inflammatory process and significantly differentiated regenerativeconstructive processes, they being advanced compared to bovine pericardium graft use, with the neoformation of a benign viable connective and wellstratified tissue, with the substitution of 90-95% of the implanted bovine fascia graft.
In cases of major fascial defects of the anterior abdominal wall, bovine pericardium graft has acceptable strength and biocompatibility, having stabilizing properties of the abdominal wall due to the development of the connective tissue layer located between the implant and the subcutaneous layer. These arguments are in favor of the use of this bioprosthesis in reconstruction of omphalocele or ventral hernias. At the same time, there is a risk of developing abdominal adhesion process, causing a limited use of the biological material in the processes of reconstruction of the abdominal wall with peritoneum substitution, e.g. gastroschisis.
Bovine fascia grafts preserved in formaldehyde have an insignificant irritating and inflammatory action on the intestinal loops compared with bovine pericardium, and do not induce the development of a significant abdominal adhesion process, this allowing their use in the abdominal fascial defects closure with placement in direct contact with the abdominal contents.
